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S O U R  THERMIONIC GENERATOR DEVELOPMENT 
Summary 
c 
This report  covers progress  for the tenth quarter ,  corresponding 
to  the period 1 March to 31 May 1968. 
During this quarter ,  the fabrication and tes t  of converter T-209 
have been completed. 
to incorporate a collector-radiator heat pipe structure.  
design was changed substantially in order  to remedy a choked heat 
pipe vapor flow condition observed in the previous model T-208, and 
subsequent tes t s  showed that this objective was reached. Converter 
T-209 equalled the highest output observed from any of the rhenium- 
emitter and rhenium- collector converters fabricated under this program; 
however, during tes t s  at high heat inputs, the output was found to  
deteriorate. 
this program, and it appears that it was caused by a leak of sodium 
vapor f rom the heat pipe into the converter envelope, which resulted 
in an increase of the collector work function of 0.17 eV. 
This model was the second under this program 
The heat pipe 
This is the fir st instance of degradation experienced under 
The mechanism 
responsible for the sodium leak is not known. The recommendation has 
been made to JPL to fabricate T-210 based on a design identical to that 
of T-209, so  that subsequent tes t s  may determine whether the design 
of the heat-pipe to  converter interface possesses  an inherent weakness. 
Also during this quarter ,  the layout of the 16-converter generator was 
completed, and the design is now ready for  the preparation of detailed 
drawings. 
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Design of Converter T-209 
The design approved by JPL for the fabrication of converter T-209 
is shown in Figure 1. 
previous model T-208, shown in Figure 2 ,  a r e  as follows: 
The differences between this design and that of the 
a. The heat pipe is longer by one inch, increasing the radiator 
a r e a  by 3670, f rom 38.3 to 52 .0  sq  cm. 
b. The outgassing groove on the collector face has been 
eliminated, yielding a collector a r ea  of 2. 34 sq cm. 
c. The capillary support at the back of the collector had a 
webbed design, shown in view A-A of Figure 1 ,  instead 
of the perforated plate, shown in view A-A of Figure 2 ,  
which allowed a much l a rge r  flow c ross  section for the  
heat pipe vapor, and which was intended to avoid the 
la rge  temperature drop at the liquid-vapor interface 
found in converter T-208 discussed in the 9th Quarterly 
Report a 
d. Thecapillary mesh  sc reen  is made of niobium instead 
of stainless steel ,  and the mesh  number is 100 instead 
of 400 because of the unavailability of niobium wire  
smaller  than 0. 0035 in. in diameter.  Both the T-208 
and T-209 designs use 2 wraps of mesh  material .  
e. Therhenium collector face is attached to  the niobium 
substrate by pressure-bonding instead of vanadium 
b ra  zing. 
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It had a l so  been suggested to JPL to fabricate T-209 with a n  0.200-in. - 
thick emitter s t ruc ture  s o  as to explore the effect of emitter thickness 
on emit ter  temperature measurement accuracy, but JPL expressed 
a preference to retain the thin emi 
because i t  minimizes the temperature  drop ac ross  the thickness of the 
r configuration (0.060 in. thick) 
emitter piece. 
Fabrication of Converter T-209 
The fabrication of the converter encountered no significant 
difficulties. 
wall niobium instead of 0.010-in. -wall tantalum. 
weld of the inner heat pipe tube to this tube requires  careful control; 
otherwise, the cesium tube can melt .  
thoriated tungsten electrode was found to be particularly helpful. 
As in  T-208D, the cesium tube was made of 0. 025-in. - 
It was found that the 
The use  of a thin (0. 020-in-. dia)  
Initial fabrication efforts included exploring the problems of 
electron beam welding a thick (0.200-in. ) emitter to the emitter support 
assembly, and it was found difficult to produce a leak-tight weld because 
of the dissimilari ty in c ros s  section of the par t s  joined. 
obtain a leak-tight weld were not pursued. 
Attempts to 
The standard emitter (0. 060 in. thick) used for the fabrication 
of T-209 was electroetched with the same procedure used f o r  T-208 
(1 minute a t  5 volts). 
1990°C observed (approximately 2020°C t rue  temperature).  
emitter flatness was checked af ter  thermal  stabilization and the maxi- 
mum deviation measured was 0.0006 in. The corresponding value for 
T-208D was 0. 0004 in . ,  which was incorrectly reported in the Ninth 
Quarterly a s  0. 004 in. 
It was then thermally stabilized for  2 hours a t  
The 
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The capillary s t ructure  insertion required an. 0. 006-in. reduction 
in the diameter of the capillary support mandrel in order  to accommodate 
a double wrap of 1 00-mesh niobium capillary screen. 
Since the measured interelectrode spacing of converter T-208D 
was somewhat la rger  than normally expected (2.2 mils vs. a design 
value of 1. 80 mils), it was deemed prudent to insure that the collector 
would be in intimate contact with the emitter surface during the final 
braze operation of converter T-209, and this was accomplished with 
the use of a small molybdenum weight. 
The heat pipe portion of the envelope was outgassed for 8 hours 
The remainder of the sodium-fill at an average temperature of 500°C. 
operation was performed in the same manner as used for T-208D. 
Converter outgassing was performed with ca re  so  as not to  
expos e the converter envelope to elevated temperature  conditions 
before the internal gases were  pumped out through the small inter-  
electrode gap. Cesium distillation was car r ied  out at 200°C for 4 hours.  
The completed model is shown in Figure 3,  and as indicated 
there,  its weight was 110 grams.  
Test  of Converter T-209 
Converter T-209 was tested with a special double-spiral electron- 
bombardment filament shown in Figure 4. 
selected to achieve a more  uniform heating of the emitter piece. 
This filament shape was 
The converter tes t  consisted of 8 runs as follows: Runs 1 to 3 
t o  map the output under dynamic conditions at 2000, 1900 and 1800°K; 
Run 4 to measure  cesium conduction for interelectrode spacing 
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determination; Runs 5 to 7 to  map the output under static conditions at 
1700, 1600 and 1800°C, and Run 8 to  ascer ta in  the magnitude of a 
suspected change in collector work function. 
the data and I-V t races  collected during test .  
The Appendix presents 
In converter T-208 it had been found that with the use of the 
heavier 0. 025-in.-wall cesium tube, the cesium reservoi r  had a 
tendency to overheat. 
of the heat pipe had lowered the general  level of temperatures  in 
the converter,  to the extent that the reservoi r  overheating problem 
was solved. 
In T-209, it was found that the lengthening 
Figure 5 shows the optimized I-V character is t ics ;  the solid 
lines were  obtained under dynamic testing, and the dashed l ines were  
obtained under static load. 
Figure 6 is a plot of the cesium conduction data, which is com- 
pared with that of T-206 and T-208. 
Interpretation of Converter T-209 Test  Results 
As in the case of converter T-208, it is of interest  to compare 
the performance of T-209 with that of T-206, because both converters 
have rhenium electrodes ~ In making the comparison, however the 
ratio of collector a r e a s  of these two converters,  which a r e  2.34 sq cm 
and 2. 52 sq cm, respectively, should be accounted for. Figure 7 gives 
the optimized I-V t races  for  T-206, T-208 and T-209, where both 
the T-208 and T-209 t races  have been sealed up by the respective 
collector a r e a  ratios of 2. 52/2.16 and 2. 52/2. 34. On the basis  of this 
figure, converter T-206 would appear to  have better performance than 
T-209. Since such comparisons have often been found to  be misleading 
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because they include unreliable emit ter  temperature  measurements  , it is 
well to compare performances on a thermal  input basis ,  and this is done 
in  Figure 8. The comparison of T-208 with T-206 on this type of plot, 
shown in the Ninth Quarter ly  Report, had proven that Converter T-208 
had a definitely lower output than T-206. 
not the case  for  T-209, which has  the same output as ,  o r  slightly higher 
output than converter T-206. 
m e a s u r e  converter performance9 it appears  that converter T-209 is 
as good as converter T-206. 
Figure 8 shows that this is 
Thus, within the current  capability to 
The cesium conduction data given in  Figure 6 was analyzed 
with the slope method previously outlined, and i t  was found that the 
interelectrode spacing of converter T-209 was essentially the same 
as that of T-208. The calculations a r e  as follows: 
208 2 09 
p,  t o r r  8 12 8 12 
2.16 2.34 
2 
A ,  cm 
TE, "K 2000°K 2000°K 
Tc ,  "K 880 885 800 800 
0. 90 0. 50 1.13 0.58 watts a Q/a P 9 G  
d, mils 2.06 2.33 1.. 90 2 .  32 
As is evident in the data (sheet 5), in Figure 5 at 1800°C, 
1. 0 volt, and in Figure 8 at 366 watts, the output of converter T-209 
was found to degrade during the high heat-transfer tes t s  at 1800°C. 
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This was the first instance of converter degradation experienced under 
this program. 
I-V characterist ics were obtained for comparison with those recorded 
at the beginning of converter testing. 
obtained at a reservoi r  temperature of 623"K, with a power input of 
308  watts, and after 3.  5 and 30.6 hours of testing, respectively. The 
curves show a shift along the voltage axis which is characterist ic 
of an increase in collector work function. 
is about 0. 17 volt. 
To help diagnose the degradation, additional dynamic 
Figure 9 shows the curves 
The amount of the shift 
There is no evidence to indicate that all degradation 
due to occur had in fact occurred at the end of 30.6 hours. 
Because the converter was still operative a t  the end of these 
tes t s ,  it was delivered to JPL rather  than dismantled for detailed 
examination. 
an  examination is conducted, it will reveal the presence of a sodium 
vapor leak f rom the heat pipe section into the converter envelope. 
Sodium has a thermionic work function of approximately 2 . 2 8  eV as 
compared with a value of 1. 81 e V  for cesium. 
is quite reasonable even if  differences in surface coverage a r e  taken 
into account. 
It is judged extremely likely, however, that when such 
>g 
Thus a shift of 0.17 e V  
Sixteen- Cqnve rte r Genera tor  De sign 
The layout of the generator design prepared during this quarter  
is shown in Figure 10. 
solar rays  entering the cavity, Figure 10b is a sectional view along 
a cutting plane which contains the optical axis, Figure 1Oc is a r e a r  
view, and Figure 10d gives the list of par t s  and materials. 
Figure 10a is a view in the direction of the 
>? 
Handbook of Chemistry and Physics,  46th Edition, The Chemical 
Rubber Company, 1965- 1966. 
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The generator assembly consists of eight two- converter modules, 
having a front and a rear converter oriented at a common angle around 
the optical axis.  
spot-welding them to a bent plate support, par t  No. 31, which electrically 
shorts  their collector s t ructures;  thus, the converters in  each module 
a r e  wired in parallel. 
These two converters a r e  assembled by riveting o r  
Each module is supported with electrically 
insulated attachments, s o  that the modules can be  wired in se r i e s  or  
in parallel  at will. 
a r e  connected in ser ies .  
In the particular design presented, all modules 
One advantage of this generator design is that the gap between 
the emitter pieces of the converters of a module can be  closed since 
contact will not cause electrical  shorting of converter output. 
insulating every converter, a substantial amount of insulating hardware 
is avoided, and a s impler ,  m o r e  compact and stronger s t ructure  is 
obtained. 
different electrical  potentials is 0.020 inch. 
By not 
The nominal spacing between the surfaces of the cavity at 
The modules a r e  supported by front and r e a r  one-piece metal  
rings, so that the complete assembly of modules and support rings 
forms a rigid frame. The design also provides for the simple removal 
of a converter module without the necessity of disassembling the entire 
generator. The front ring supports an  entrance cone for the cavity, 
I 
which helps to  guide the solar energy into the cavity. 
a n  extension of the entrance cone, and its function is to  protect the 
converters f rom concentrated sunlight in the event of accidental mis - 
orientation. The r e a r  ring supports a cavity back-piece, made of 
tungsten, and shaped to reflect the sunlight striking it towards the 
heated faces of the converters.  
generator support, which is a webbed conical s t ructure ,  par t  No. 1. 
Part No. 32 is 
The r e a r  ring is a l so  attached to the 
21 
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New Technology 
No items of new technology have been included in this report. 
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